The aim of the study was to determine the effect of chronic alcohol abuse on the course and outcome of bacterial meningitis (BM).
Introduction
Bacterial meningitis is a life-threatening medical emergency characterized by high mortality rate and frequent long-term neurological sequelae (1) ; in Poland, where the registration of BM cases is mandatory, the annual incidence of BM in the years 2010-2017 ranged between 1.97/100,000 and 2.5/100,000 (2) (3) (4) which is higher than is some other European countries such as Finland (0.7/100,000) Netherlands (0.94/100,000) or England and Whales (1.44/100,000) (5) (6) (7) . In Poland alcohol per capita consumption (in liters of pure alcohol) for population ≥ 15 years old was 11.4 in 2010 and 11.6 in 2016 which is similar to many other European countries (8) . Chronic alcohol abuse may have adverse medical consequences such as stroke, cancers, liver cirrhosis, gastrointestinal disorders, cognitive deficits, and peripheral neuropathy (9) . In addition, alcoholics are more susceptible to bacterial infections and these infections carry a worse prognosis. There is evidence that the relative risk of bacterial pneumonia correlates with the level of alcohol intake (10) . While this may be in part a consequence of lifestyle and malnutrition, there is ample evidence that chronic alcohol abuse itself may impair various host immune responses; for example it was demonstrated to negatively affect phagocytosis and superoxide production in alveolar macrophages after bacterial challenge and leads also to hypo-responsiveness of neutrophils to chemotactic signals (11, 12) . The initial diagnosis of BM is typically based on clinical signs and symptoms and antibiotic treatment is usually initiated before the etiological factor is identified as prompt therapy is crucial for improving the outcome (13, 14) .
The aim of our study was to determine whether chronic alcohol abuse has any impact on clinical manifestations, etiologic factors and outcome in BM. Such an analysis is rare in the literature and was confined so far to two studies from Netherlands (15, 16) . We found that alcoholics may have a different clinical presentation and worse outcome compared to non alcoholic patients.
Materials and Methods
We evaluated records of adult (≥ 18 years old) patients with community-acquired BM who were admitted to the Hospital for Infectious Diseases in Warsaw from January 1st , 2010 to December 31st , 2017. Only patients who underwent a diagnostic lumbar puncture were included in the analysis. The diagnosis of BM was based on fulfilling at least one of the following criteria: positive cerebrospinal fluid (CSF) culture, positive CSF Gram staining, typical CSF findings (pleocytosis ≥ 100 cells/μl with≥ 90% neutrophils and decrease of CSF glucose level < 2.2 mmol/L). Patients with CSF findings typical for BM but negative blood and CSF culture and negative microscopic CSF examination were considered to have BM of unknown etiology. Patients with positive blood culture but negative CSF culture and negative CSF microscopic examination were considered to have BM caused by pathogen cultured from blood.
Initial antimicrobial treatment followed current guidelines (17) and included vancomycin and a third -generation cephalosporin in patients below 50 years old and a combination of ampicillin and vancomycin together with a third generation cephalosporin in those ≥50 years or those likely to be immunocompromised (patients with cancer, diabetes mellitus, HIV infection, liver cirrhosis, alcoholics, patients receiving immunosuppressive therapy).
Diagnosis of tuberculous meningitis was based on at least one of the following: positive culture, positive nucleic acid amplification, positive Ehrlich-Ziehl-Neelsen staining of CSF.
Patients with tuberculous meningitis were treated with rifampicin, isoniazid, pyrazinamide and ethambutol or streptomycin. All patients received adjunctive therapy with dexamethasone. Patients with meningitis secondary to head trauma, neurosurgical procedures as well as hospital-acquired infections were excluded from analysis.
Alcoholism was diagnosed according to the WHO criteria (18) as a chronic continual or periodic consumption of alcohol characterized by impaired control over drinking, frequent episodes of intoxication, and preoccupation with alcohol and the use of alcohol despite adverse consequences. Questions about alcohol consumption were a standard part of medical interview, but there were no questions relating to the quantity of alcohol intake per day or
week.
The U Mann Whitney test was used to compare continuous variables and the Chi-square test was used to evaluate nominal variables. A p value of <0.05 was considered significant.
Logistic regression was used to calculate adjusted odds ratios and to determine variables independently associated with alcoholism and those independently influencing outcome reflected by Glasgow Outcome Scale (GOS). Since GOS is not a nominal but continuous variable, we used general linear model to calculate the coefficients for this analysis. Statistical analysis were performed using program R version 3.5.2 (19) .
Results
The final analysis included 340 patients with bacterial meningitis (211 men and 129 women, median age 57, interquartile range [IQR] 41-69). Among this group 45 (13.2%) patients were considered alcoholics (39 men and 6 women, median age 53, IQR 44-59). The proportion of men was significantly higher among alcoholic patients than among non-alcoholics (86% vs 42%, p<0.001). 6 At admission, alcoholic patients were more likely to present with seizures (33.3% vs 12.6, p<0.001) (Table 1) but were less likely to complain of headache (23.3% vs 52.3%, p<0.001) and nausea/vomiting (11.4% vs 33.6%, p=0.005). Furthermore, compared to non-alcoholic patients, they were in worse clinical condition: they scored higher on the Sequential Organ Failure Assessment (SOFA) (median 3 [IQR 2-6] vs median 2 [IQR 1-5], p<0.001) and lower on the Glasgow Coma Scale (GCS) (median 10 [IQR 7-12] vs median 12 [IQR 9-14], p<0.001). Alcoholic patients were also more likely to require Intensive Care Unit (ICU) admission (48.9% vs 37.6 %) and their mortality was higher (24.4% vs 15.4%), but these differences did not reach statistical significance. The main reasons for ICU admission were: respiratory failure, coma, and septic shock. The clinical outcome reflected by the GOS was significantly worse among alcoholics (median 3 [IQR 1-5] vs median 5 [IQR 3-5]; p < 0.001; Table 1 ).
Table 1. Demographic, clinical and etiological data in alcoholic and non-alcoholic patients with bacterial meningitis.
*Data are presented as median (interquartile range) or n/N (%). LP: lumbar puncture, SOFA: Sequential Organ Failure Assessment score, ICU: Intensive Care Unit. *Data are presented as median (interquartile range). CRP: C-reactive protein, WBC: white blood cells, PLT: platelets, PCT: procalcytonin, CSF: cerebrospinal fluid.
Analysis of laboratory parameters (
In multiple logistic regression analysis ( Furthermore, alcoholism, lower GCS score and higher urea blood concentration were independently associated with worse prognosis as assessed by GOS (Table 4 ).
Table 4. Multiple logistic regression analysis of factors independently associated with lower Glasgow Outcome Score (GOS) in patients with bacterial meningitis.

Variable
Regression coefficient 95% CI P value Alcoholism -0. An etiological factor was identified only in 60% of alcoholics and 35% of non-alcoholics (Table 1) . However, in 26 out of 39 alcoholics (67%) and in 134 out of 245 non-alcoholics (55%) antibiotic treatment initiation preceded diagnostic spinal tap. Streptococcus pneumoniae was the most common causative organism in both groups followed by Staphylococci, Neisseria meningitidis, and Mycobacterium tuberculosis. Listeria monocytogenes was identified only in non-alcoholic patients but this difference did not reach statistical significance (Table 1) .
Discussion
According to national survey data (20) , alcoholics constitute approximately 2% of the Polish general adult population, but among our patients with BM this proportion was as high as 13%
However, since self-reporting survey methods may lead to underestimation of drinking levels this proportion could be even higher. This high prevalence of alcoholics among our patients might be a direct consequence of impaired immune response to bacterial pathogens related to chronic alcohol abuse (21) (22) (23) (24) . Thus, it is likely that alcoholism is a risk factor for the development of BM, much like for the bacterial pneumonia. In the nationwide cohort study conducted in the Netherlands the proportion of alcoholics in BM patients was 6% which was also higher than in general population (8, 15 Compared to non-alcoholics, alcohol abusers in our study were less likely to present with high fever, headache, and nausea. The absence of such typical symptoms of BM (25) might cause diagnostic problems and in effect result in the delay of treatment initiation, thus worsening patients' outcome prospects. Interestingly, attenuated fever response to lipopolysaccharide and interleukin 1β has been described experimentally in rats after they were fed alcohol for a prolonged period (26) , while lower incidence of headache among alcoholics with BM seems to be a common phenomenon as it was previously reported by van Veen et al (15) in their population-based cohort study.
Another and most striking difference in the clinical presentation was significantly higher incidence of seizures among alcoholic patients (33% vs 13%; p < 0.001). While high incidence of seizures among alcohol abusers presenting with BM is a well known phenomenon, the numbers in previous reports were lower and ranged from 13% to 18% (15, 16) .
Furthermore, in our multivariate analysis the presence of seizures was independently associated with alcoholism, In a large prospective cohort study of community-acquired BM in Netherlands, seizures were associated with higher mortality rate (27) . The reasons for the latter are not entirely clear, but seizures in BM patients could reflect more severe inflammatory damage (28, 29) or alcohol withdrawal syndrome, which in itself carries increased mortality risk (30) . However, in our study seizures were not independently associated with outcome.
The presence of seizures and other signs and symptoms associated with the alcohol withdrawal syndrome or even alcohol intoxication itself could not only complicate clinical presentation, but could also negatively affect consciousness level: in our study alcoholic patients scored significantly lower on the GCS scale at admission compared to non-alcoholics.
These findings are compatible with previous studies of van Veen et al (15) and Weisfelt et al (16) who found higher prevalence of coma, defined as GCS below 8 points, and lower GCS score, respectively, among alcoholic patients with BM when compared to non-alcoholics.
However, the above differences did not reach statistical significance. Obviously, more pronounced impairment in consciousness among alcoholics could be also related to more severe inflammation process.
Alcoholic patients in our study scored higher on SOFA at admission. SOFA scoring is currently a crucial part of sepsis definition (31) as it reflects the level of organ dysfunction and correlates with patients' outcome. However, its use is not confined to sepsis as in two previous studies a high SOFA score combined with low GCS (32, 33) were found to be predictors of unfavorable outcome in BM. The mortality rate among alcoholic patients in our analysis was high (24%), and exceeded the death rate in non-alcoholic patients (15%), although this difference did not reach statistical significance (p=0.13). While alcohol abuse was not an independent predictor for mortality in multivariate analysis, it was associated with worse outcome, as measured by the GOS. These results are similar to those reported by Wiesfelt et al (26) who also found in multivariate analysis that alcoholism is associated with unfavorable outcome but not with higher mortality. The reasons for the worse outcome among alcoholics are probably manifold including coexisting alcohol withdrawal syndrome (34) , alcohol-related encephalopathy, malnutrition and the presence of seizures. Furthermore, analogous to bacterial pneumonia, the course of BM may simply be more severe due to profound negative effects of chronic alcohol use on the efficiency of immune response (35) .
In addition to alcohol, also low GCS score and high blood urea levels were independently associated with worse outcome (Table 4 ). The influence of GCS on outcome is not surprising and was previously reported by others (32, 33) , while increased urea might identify a subset of patients with multiple organ failure. Notably, SOFA score was also predictive of worse outcome, although it did not reach statistical significance. With the exception of blood Ddimer levels and CSF glucose no differences were found in the results of routine tests between alcoholic and non-alcoholic patients. High blood D-dimer levels are common in chronic alcohol abusers and could be the effect of hemostatic system activation related to oxidative stress (36) . Interestingly, low concentration of glucose in the CSF was previously correlated with adverse clinical outcomes in patients with BM (37) .
Streptococcus pneumoniae was the most common causative microorganism (19.4%) in our patients (Table 1) but its prevalence was not as high as in some other European studies (38) (39) (40) .
Such relatively low prevalence of Streptococcus pneumoniae is not a local phenomenon confined to our center, as it accounted for only 22% of BM cases registered in Poland (3) .
Interestingly, similar prevalence of Streptococcus pneumoniae and Staphylococci was reported by Ishihara et al. (41) in the Japanese population of BM patients. However, similar to our study, in the majority of patients antibiotic treatment was initiated before CSF collection.
It should be pointed out that nucleic acid amplification assays were not used for pathogen identification in our study, with the exception of cases suspected of tuberculous meningitis.
Such techniques might be especially useful for the identification of pathogens in patients in whom empirical antibiotic therapy preceded collection of relevant biological samples.
Unexpectedly, Listeria monocytogenes was not found to in any alcoholic patients in our study, although it was a common pathogen constituting 7% of all cases in the non-alcoholic group. This results are in contrast to other studies, in which alcoholism was identified as one of the predisposing factors for listeriosis (25, 42) . The reasons for this are unclear.
In conclusion, we found that alcoholic patients with BM, when compared to their nonalcoholic counterparts, are more likely to present with seizures and more severely altered mental status and have an increased risk for unfavorable outcome.
